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FIRE RESISTANT FIBER SHEET, MOLDINGS THEREOF, AND 
FLAME-RETARD ANT ACOUSTICAL ABSORBENTS FOR AUTOMOBILES 

> 

FIELD OF THE INVENTION 

The present invention relates to a fire resistant fiber sheet used for fire 
resistant acoustic material for cars and buildings, a fire resistant expanded 
synthetic resin sheet, a molded article thereof, and a fire resistant acoustic 
material for cars. 



BACKGROUND OF THE INVENTION 

Hitherto a needled non- woven fabric or needled felt wherein fibers in web are 
intertwined by needling, a resin non-woven fabric or resin felt wherein fibers 
in web are bonded together by synthetic resin, or a fiber knit or woven cloth 
have been provided as an acoustic fiber sheet (See Patent Literatures). 

JP 11-61616 

JP 8-39596 

DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

It is required that said fiber sheet have fire resistant property together with 
acoustic property and heat insulating property Hitherto, to give fiber sheet 
fire resistant property, a fire retardant such as tetrachlorophthalic acid, 
tetrabromophthalic acid, tetrabromobisphenol A, antimony trioxide, 
chlorinated paraffin, ammonium phosphate, ammonium polyphosphate, 
diguanidine phosphate, or the like is mixed or impregnated into said fiber 
sheet (See Patent Literatures 3 to 5)*. 

Tbkkaihei JP7- 126913 

Tbkkaihei JP8-27618 

Tokkaihei JP8-260245 
Nevertheless, said fire retardants are very expensive, and strength, 
weatherability, or the like of fiber may be degraded by said fire retardants, 
and it is feared that when said fire retardant is contained in said fiber sheet, 
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air permeability of said fiber sheet is deteriorated by said fire retardant, 
causing an infection in its acoustic property, with said fire retardant being 
apt to separate from said fiber sheet when resin solution is impregnated 
therein. 

MEAN TO SOLVE SAID PROBLEMS 

As a means to solve said problems, the present invention provides a fire 
resistant liber sheet characterized by fire retardant capsules covered with a 
synthetic resin film, to adhere said capsules to said fiber sheet, wherein a 
sulfomethylated and/or sulfimethylated phenolic resin is added to said fiber 
sheet in an amount of between 5 and 200% by mass. It is desirable that said 
fire retardant capsules be added to said fiber material in an amount of 
between 5% and 80% by mass. It is also desirable that said fire retardant be 
water soluble and that said synthetic resin Elm be water insoluble. It is 
desirable that said fire resistant fiber sheet be fiber. It is desirable that said 
fibers are all hollowed, or mixture of solid and hollowed fibers, and that an 
additional fiber having a low melting point of below 180°C be mixed in with 
said fiber. The present invention provides a molded article wherein said fire 
resistant fiber sheet is molded into a prescribed shape. It is desirable that a 
ventilation resistance of said molded article be in a range of between 0.1 and 
100kPa s/m. Furthermore, the present invention provides a laminated 
material wherein other fiber sheet(s) is(are) laminated onto one or both aides 
of said fire resistant fiber sheet. The present invention also provides a 
laminated material 



wherein other porous sheet(s) is (are) laminated onto one or both Bides of said 
fire resistant fiber sheet through thermoplastic resin film(s) having a 
thickness of between 10 and 200p.ni, and moreover, the present invention also 
provides a laminated material, wherein a hot melt adhesive powder is 
scattered onto one or both sides of fire resistant fiber sheet in an amount of 
between 1 and lOOg/m 2 , and said other porous material sheet(s) is (are) 
laminated onto said porous material sheet through said scattered layer of hot 
melt adhesive powder. The present invention also provides a molded article 
wherein - a~ laminated material - is molded~into~a~prescribed~ shape. It is 
desirable that a ventilation resistance of said molded article be in the range of 
between 0.1 and 100 kPas/m. The present invention also provides a fire 
resistant acoustic material for cars made of a molded article. 

EFFECTS OF THE INVENTION 
[ACTION] 

When the fire resistant fiber sheet of the present invention is exposed to a 
high temperature, said fire retardant capsules expand to break said synthetic 
resin film, and said fire retardant covered with said synthetic resin film is 
exposed, giving said fire resistant fiber sheet self extinguishing property. Said 
fire retardant capsules are particle like, and adhere to said fire resistant fiber 
sheet so that said fire retardant capsules do not interfere with the ventilation 
property of said fire resistant fiber sheet. In a case of a fire resistant fiber 
sheet, said fibers are preferably all hollowed, or mixture of solid and hollow 
fibers, to improve rigidity of said fiber sheet. Further, an additional fiber 
having preferably a low melting point of below 180°C is mixed in with said 
fiber, or the fibers of said fiber sheet are bound with synthetic resin binder, to 
improve its rigidity and get moldability. 

Commonly, a sulfomethylated and/or sulfimethylated phenolic resin as a 
synthetic resin binder is provided in a nonflammable and nonpoisonous water 
solution, which is impregnated into said fire resistant fiber sheet. In a case 
where synthetic resin film of said fire retardant capsules is water insoluble, 
said synthetic resin film does not dissolve in said water solution, and said 
capsule does not break. In a case where water 
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soluble resin is dissolved in said water solution, the adhesion of said fire 
retardant capsules to said porous fire resistant sheet is improved, and said 
water soluble resin acts as a release agent to release smoothly the resulting 
molded article from its mold when said porous fire resistant sheet is 
press-molded. 

[EFFECTSl 

Said fire resistant fiber sheet of the present invention has high fire resistant 
and good acoustic properties." The present" invention is described precisely 
below. 

BRIEF DESCRIPTION OF DRAWING 

Fig. 1 is a drawing to illustrate measurement principle of ventilation 
resistance. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 
[Fiber] 

The fiber used in the fiber sheet of the present invention includes synthetic 
fibers such as polyester fiber, polyamide fiber, acrylic fiber, ure thane fiber, 
polyvinylchloride fiber, polyvinylidene chloride fiber, acetate fiber, polyolefin 
fibers like polyethylene fiber, polypropylene fiber, etc; alamidc fiber, or the 
like; natural fibers such as wool, mohair, cashmere, camel hair, alpaca, 
vicuna, angora, silk, raw cotton, cattail fiber, pulp, cotton, coconut fiber hemp 
fiber, bamboo fiber, kenaf fiber, or the like; biodegradable fibers such as 
starch group fiber, polylactic acid group fiber, chitin chitsan group fiber, or 
the like; cellulose group synthetic fibers such as rayon fiber, staple fiber, 
polynosic fiber, 
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180°C may be used. Said low melting point fibers include, for example, 
polyolefine group fibers such as polyethylene fiber, polypropylene fiber 
ethylene-vinyl acetate copolymer fiber, ethylene -ethyl acrylate copolymer 
fiber, or the like, polyvinylchloride fiber, polyurethane fiber, polyester fiber, 
polyester copolymer fiber, polyamide fiber, polyamide copolymer fiber, or the 
like. Said fiber having a low melting point may be used singly, or two or 
more kinds of said fiber may be used in combination. The fineness of said low 
melting point fiber is commonly in the range of between O.ldtex and 60dtex. 
Commonly, said low melting point fibers are mixed in witlTcommbh fibers in 
an amount of 1 to 50% by mass. 

[Fiber Sheet] 

Fiber sheet of the present invention is provided commonly as nonwoven 
fabric or knit or woven fabric material. Said nonwoven fabric includes needle 
punched nonwoven fabric, resin nonwoven fabric using a synthetic resin 
binder as mentioned below, and a melted nonwoven fabric prepared by 
heating a web or a needle punched nonwoven fabric made singly of said low 
melting point fiber, or a fiber mixture containing said low melting point fiber 
and ordinary fiber so that low melting point fibers melt and said fibers 
adhere to each other, or the like. 



6 



LTD.) as a phosphorus-nitrogen compound group fire retardant capsule, and 
EKSOLIT AP 462 (trade name CLARIANT (JAPAN) K.K.) as a 
polyammonium phosphate group fire retardant capsule, or the like. 

[Thermally expandable particles] 

In the present invention, thermally expandable particles may be added to 
said fire resistant fiber sheet. Said thermally expandable particles consist of 
a thermoplastic resin having a low softening point, and a solvent having a low 
boiHn g "Point. Said thermoplastic resin having a low softening point may 
include, a (co)polymer of one or more kinds of monomer, for example, an 
aliphatic or cyclic acrylate such as methyl acrylate. ethyl acrylate, n-propyl 
acrylate, iso-propyl acrylate, n-butyl acrylate, iso-butyl acrylate, t-butyl 
acrylate, 2-ethyl hexyl acrylate, cyclohexyl acrylate, tetrahydrofurfuryl 
acrylate, methyl methacrylate, ethyl methacrylate. n-propyl methacrylate, 
iso-propyl methacrylate, n-butyl methacrylate, iso-butyl methacrylate, 
2-ethylhexyl methacrylate, cyclohexyl methacrylate, tetrahydrofurfuryl 
methacrylate, stearyl methacrylate, lauryl methacrylate, or the like; and/or 
methacrylate; a vinyl ether such as methyl vinyl ether, ethyl vinyl ether, 
n-propyl vinyl ether, n-butyl vinyl ether, iso-butyl vinyl ether, or the like; 
styrenic monomers such as styrene, a-methyl styrene, or the like; nitrile 
group monomers such as acrylonitrile, methacrylonitrile, or the like; vinyl 
aliphatic acids such as vinyl acetate, vinyl propionate, or the like; monomer 
groups including halogen, for example vinyl chloride, vinykdene chloride, 
vinyl fluoride, vinylidone fluoride, or the like; olefin group monomers such as 
ethylene, propylene, or the like; diene group monomers such as isoprene, 
chloroprene, butadiene, or the like; a,p -unsaturated carboxylic acids such as 
acrylic acid, methacrylic acid, itaconic acid, maleic acid, crotonic acid, atropic 
acid, citraconic acid, or the like; a hydroxyl group containing monomers such 
as 2-hydroxyethyl methacrylate, 2-hydroxyethyl acrylate, 2-hydroxypropyl 
methacrylate, 2-hydroxypropyl acrylate, allyl alcohol, or the like; an amide 
group such as acrylic amide, methacrylic amide, diacetone acrylic amide, or 
the like; an amino group containing vinyl monomers such as 
dimethylaminoethyl 
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methacrylate, dimethylaminoethyl acrylate, dimethylaminopropyl 
methacrylate, dimethylaminopropyl acrylate, or the like; an epoxy group 
containing monomers such as glycidyl acrylate, glycidyl methacrylate, 
glycidyl allyl ether, or the like; further, water soluble vinyl monomers such as 
vinylpyrrolidone. vinylpyridine, vinylcarbazole, or the hke; a hydrolysable 

silyl gro\ip containing vinyl monomers such as 
Y-methacryloxypropyltrimethoxysilane, vinyltriacetoxyailane, 

p-trimethoxysilylstyrene, ptriethoxysilylstyrene, 

p-trimethoxysilyl-a-methylstyrene, p-triethoxysilyl-a-methylstyrene, 
Y-acryloxypropyltrimethoxysilane, vinyltrimethoxysilane, 

N-p(N vmylbenzylaminoethylT-ammopropyl)trimethoxysilane hydrochloride, 
or the like; and a crosslinked (co)polymer of said (copolymer, being 
crosslinked with a cross-linking agent, such as divinylbenzene, a polyvalent 
acrylate such as diethyleneglycol diacrylate, or the like; a methacrylate, 
diallylphthalate, allyl glycidyl ether, or the like; a thermoplastic resin having 
a softening point desirably below 180'C, such as a low softening point 
polyamide, low softening point polyester, or the hke. 

Said low boiling point solvent may include organic solvents having a boiling 
point below 150°C, such as n-hcxanc, cyclohexane, n-pentane, isopentane, 
n-butane, iso butane, n-heptane, n octane, isooctane, gasoline, ethylether, 
acetone, benzene, or the like. 

Said thermally expandable particles are made of expandable beads, wherein 
said low boiling point solvent is impregnated into said thermoplastic resin 
beads, microcapsules, wherein aaid low point solvent is sealed in a shell of 
said thermoplastic resin having a low softening point, or the like. 
Commonly, said particles have a diameter in the range of between 0.5 and 
iOOOum. 

Further, thermoexpandable inorganic particles such as vermiculite, perlite, 
shirasu balloon, or the hke may be used as said thermally expandable 
particles of the present invention. 

[Synthetic resin binder] 

Synthetic resin binder is coated on or impregnated in to Synthetic resin 
binder is coated on or impregnated in to said fiber sheet of the present 
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invention. 

Said synthetic resin binder is used for said nonwoven resin fabric, and other 
than said nonwoven resin fabric, a synthetic resin binder may be coated on or 
impregnated into needle punched nonwoven fabric, melted nonwoven fabric, 
and knit or woven cloth or the like. 

A synthetic resin binder for use in the present invention is phenol group resin. 
Said phenol group resin used in the present invention is described below* 
A phenol group resin is produced by the condensation reaction between a 
phenolic' compound and an aldehyde and/or~aldehyde donor. Said phenol 
group resin is sulfoalkylated and /or sulfialkylated to improve its water 
solubility. 
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caproaldehyde, aUyialdehyde, benzaldehyde, crotonaldehyde, acrolein, 
phenyl acetoaldehyde, o-tolualdehyde, salicylaldehyde or the like. The 
aldehyde donors include paraformaldehyde, tiroxane, 

hexamethylenetetramine, tctraoxymethylene, or the like. 

As described above, said phenolic resin is sulfoalkylated and/or sulfia lky lated, 
to improve the stability of said water soluble phenolic resin. 

(Sulfomethylation agent) 
The~sulfomethylation "agents" used to improve the stability of the aqueous 
solution of phenol resins, include for example, water soluble sulfites prepared 
by the reaction between stalfurous acid, bisulfurous acid, or metabisulfirous 
acid, and alkaline metals, trimethyl amine, quaternary ammonium (e.g. 
ben2yltrimethylammonium); and aldehyde additions prepared by the 
reaction between said water soluble sulfites and aldehydes. 
The aldehyde additions are prepared by the addition reaction between 
aldehydes and water soluble sulfites as mentioned above, wherein the 
aldehydes include formaldehyde, acetoaldehyde, propionaldehyde, chloral, 
furfural, glyoxal, n-butylaldehyde, caproaldehyde, allylaldehyde, 
benzaldehyde, crotonaldehyde, acrolein, phenyl acetoaldehyde, 
o-tolualdehyde, salicylaldehyde, or the like. For example, hydroxymethane 
sulfonate, which is one of the aldehyde additions, is prepared by the addition 
reaction between formaldehyde and sulfite. 

(Sulfimethylation agent) 
The sulfimethylation agents used to improve the stability of the aqueous 
solution of phenol resins, include alkaline metal sulfoxylates of aliphatic or 
aromatic aldehyde such as sodium formaldehyde sulfoxylate (a.k.a. Rongalit), 
sodium benzaldehyde sulfoxylate, or the like; hydrosulfites (a.k.a. dithionites) 
of alkaline metals or alkaline earth metals such as sodium hydrosulfite, 
magnesium hydrosulfite or the like; a hydroxy alkanesulfinate such as 
hydroxymethanesulfinate or the like. 

In the case of producing said phenol resins, if necessary, additives may be 
mixed in with said phenol resins as a catalyst or to adjust their pH. Such 
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monohydric phenol and aldehydes, with a precondensation polymer 
consisting of a polyhydric phenol and aldehydes; and method (e) comprising 
the condensation of a precondensation polymer consisting of a monohydric 
phenol and aldehydes and/or precondensation polymers consisting of a 
polyhydric phenol resin and aldehydes, with a precondensation polymer 
consisting of monohydric phenol and polyhydric phenol and aldehydes. 
In the present invention, the desirable phenolic resin is phenol-alkylresorcin 
cocondcnsation polymer. Said phenol-alkylresorcin cocondensation polymer 
prdvides~a water solution of said cocondensation polymer (pre-cocondensation 
polymer) having good stability, and being advantageous in that it can be 
stored for a longer time at room temperature, compared with a condensate 
consisting of a phenol only (precondensation polymer). Further, in a case 
where said sheet is impregnated with said water solution by precuring, the 
resulting fiber sheet or expanded synthetic resin sheet has good stability and 
does not lose its moldability after longtime storage. Further, since 
alkylresorcin is highly reactive to aldehydes, and catches free aldehydes to 
react with, the content of free aldehydes in the resin can be reduced. 
The desirable method for producing said phenol-alkylresorcin cocondensation 
polymer is first to create a reaction between phenol and aldehyde, to produce 
a phenolic precondensation polymer, and then to add alkylresorcin, and if 
desired, aldehyde, to said phenolic precondensation polymer, to create a 
reaction. 

In the case of method (a), for the condensation of monohydric phenol and/or 
polyhydric phenol and aldehydes, the aldehydes (0.2 to 3 moles) arc added to 
said monohydric phenol (lmole), then said aldehydes (0.1 mole to 0.8 mole) 
are added to the polyhydric phenol (lmole) as usual. If necessary, additives 
may be added to the phenol resins (the precondensation polymers). In said 
method(s), there is a condensation reaction from heating at 55°C to 100°C for 
3 to 20 hours. The addition of aldehydes may be made at one time at the 
beginning of the reaction, or several separate times throughout the reaction, 
or said aldehydes may be dropped in continuously throughout the reaction. 
In the case of sulfomethylation and/or sulfimethylation, the sulfomethylation 
agents and/or sulfimethylation agents may be added to the precondensation 
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at an arbitrary time. 

The addition of the sulfomethylation agents and/or sulfimethylation agents 
may be made any time, such as before, during, or after condensation. 
The total amount of said sulfomethylation agent and/or sulfimethylation 
agent added is usually in the range of between 0.001 and 1.5 moles per lmole 
of phenol. In a case where said amount added is less than 0.001 mole, the 
hydrophile of the resulting sulfomethylated and/or sulfimethylated phenolic 
resin is not adequate, and in a case where said amount added is more than 
1.5 moles, the water resistance of the resulting sulfomethylated and/or 
sulfimethylated phenolic resin degrades. lb provide excellent curing 
properties in the resulting precondensate and excellent physical properties in 
the cured resin, said amount to be added is preferably in the range of between 
0.01 and 0.8 mole per 1 mole of phenol. 

The sulfomethylation agents and/or sulfimethylation agents for 
sulfomethylation and/or sulfimethylation react with the methylol groups 
and/or aromatic groups, so that the sulfomethyl group and/or sulfimethyl 
group are introduced to the precondensation prepolymers. 

The solution of precondensation polymers of sulfomethylated and/or 
sulfimethylated phenol resins is stable even in a wide range of acidic 
condition (e.g. pH=1.0) or alkaline condition, so that the solution can be cured 
under any conditions such as acid, neutral or alkaline. In the case of curing 
the precondensate under acidic condition, there is a decrease in the 
remaining methylol groups, so that no formaldehydes from the decomposed 
cured phenol resins appear. 

In a case where a sulfomethylated and/or sulfimethylated phenolic resin 
is(are) used for a synthetic resin binder, a fire resistant fiber sheet, each 
having greater fire resistance, is produced, as compared with a case where 
nonsulfomethylated and/or nonsulfimethylated phenolic resin is(are) used. 
Further, if desired, the phenol resins and/or precondensation polymers 
thereof may be copolycondensed with amino resin monomers such as urea, 
thiourea, melamine, thiomelamine, dicyandiamine, guanidine, guana mine, 
acetoguanamine, benzoguanamine, 2,6-diamino-1.3*diamine, or the like. 
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stearic acid, palmitic acid, or the like ; fatty alcohols such aa palmityl alcohol, 
stearyl alcohol, or the like ; fatty acid ester such as butyryl stearate, glycerin 
mono stearate or the like ; fatty acid amides ; natural wax or composition wax 
such as carnauba waxes, or the like ; synthetic waxes: mold release agents 
such as paraffin, paraffin oil, silicone oil, silicone resin, fluoric resin, 
polyvinyl alcohol, grease, or the like I organic blowing agents such as 
azodicarbonamido, dinitroso pentamethylene tetracaine, P,P'-oxibis(benzene 
sulfonylhydrazide), azobis-2,2'-(2-methylglopionitrile), or the like ; inorganic 
blowing agents such as sodium bicarbonate, potassium bicarbonate, 
ammonium bicarbonate or the like ; hollow particles such as shirasu balloon, 
perlite, glass balloon, foam glass, hollow ceramics, or the like I foamed bodies 
or particles such as foamed polyethylene, foamed polystyrene, foamed 
polypropylene, or the like i pigments ; dyes ; antioxidants ; antistatic agents ; 
crystallizers J fire retardants such as a phosphorus compound, nitrogen 
compound, sulfur compound, boron compound, bromine compound, guanidine 
compound, phosphate compound, phosphate ester compound, amino resin, 
cyclic phosphonate, or the like ; expanded praphite; flameproof agents ; 
water-repellent agents ; oil-repellent agents ; insecticides ; preservatives I 
wax ; lubricants ; antioxidants, ultraviolet absorbers ; plasticizers such as 
phthalic ester (ex. dibutyl phthalate(DBP), dioctyl phthalate(DOP), 
dicyclohexyl phthalate) and others(ex. tricresyl phosphate), can be added or 
mixed. 

Tb impregnate said synthetic resin binder into said fiber sheet, said fiber 
sheet is usually dipped into synthetic resin solution, or synthetic resin 
solution is coated onto said fiber sheet by spraying, or by using a knife coater, 
roll coater, flow coater, or the like. 

lb adjust the synthetic resin content in said fiber sheet into which said 
synthetic resin is impregnated or mixed, said sheet may be squeezed using a 
squeezing roll or press machine after said synthetic resin has been 
impregnated or mixed into said fiber sheet. As a result of said squeezing 
process, 



19 



the thickness of said fiber sheet may be reduced but in a case where said 
hollow fibers are contained in said fiber sheet, said fiber sheet has high 
rigidity, so that the thickness of said fiber sheet may be elastically restored 
after squeezing, to ensure adequate thickness of said fiber sheet. In particular, 
in a case where said low melting point fibers are contained in said fiber sheet, 
it is desirable to heat said fiber sheet and melt said low melting point fibers, 
so as to bind the fibers with said melted fibers. Thus, the rigidity and 
strength of said fiber sheet is improved, so that the workability of said fiber 
sheet during the process of impregnating it with said synthetic resin may be 
improved, resulting in a remarkable restoration of the thickness of said fiber 
sheet after squeezing. 

As described above, in a case where said hollow fibers are contained in said 
fiber sheet, said fiber sheet may be rigid, so that the content of said synthetic 
resin binder in said fiber sheet can be reduced, compared with said non 
hollow fiber containing fiber sheet. 

After said synthetic reein is impregnated into said fiber sheet, said fiber sheet 
into which said synthetic resin has been impregnated may be dried at room 
temperature or by heating. In a case where said synthetic resin is 
thermoplastic, said synthetic resin is preferably put at its Bstage by heating 
and drying, to maintain the long term moldability of said fiber sheet, said 
fiber sheet being moldable at a low temperature for a short time- 
Rigidity, moldability or the like are given to said fiber sheet onto which said 
synthetic resin has been coated or impregnated into, and for said purposes, 
said synthetic resin is coated on or impregnated into said fiber sheet in an 
amount of between 5 and 200% by mass, but preferably 10 and 100% by mass, 
and more preferably 20 and 70% by mass. In a case where the amount of said 
synthetic resin impregnated thereinto is below 5% by mass, the rigidity and 
moldability of said fiber sheet are not improved, while in a case where the 
amount of said synthetic resin impregnated thereinto is beyond 200% by 
mass, the air permeability of said porous sheet is inhibited, diminishing its 
acoustic property. 

[ Fire resistant fiber sheet] 

To adhere said fire retardant capsules to said fiber sheet, a method wherein 
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said capsules are mixed into fibers and said fibers into which said capsules 
has been mixed are molded into a sheet, a method wherein said capsules are 
mixed into said synthetic resin binder in a case where said synthetic resin 
binder is coated on or impregnated into said fiber sheet, and a method 
wherein a water dispersion of said fire retardant capsules is sprayed onto the 
surface of said fiber sheet, and so on are applied. In a case where water 
soluble resin is dissolved in said dispersion, the adherence of said fire 
retardant capsules to said fiber sheet may be improved. Further, in a case 
where synthetic^ resin solution is coated on or impregnated into said fiber 
sheet, said fire retardant capsule water dispersion is preferably coated before 
said fiber sheet on which said synthetic resin solution is coated or 
impregnated into iB dried, to adhere said fire retardant capsules strongly to 
said fiber sheet, by said synthetic resin. Further, in a case where said 
synthetic resin solution is water solution, water soluble resin is preferably 
dissolved in said water solution to further improve the adherence of said fire 
resistant capsules to said fiber sheet. 
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Said water soluble resin to be added to said fire retardant water dispersion 
and said synthetic resin water solution may include such as polysodium 
acrylate, partially saponificated polyacrylic ester, polyvinyalcohol, 
carboxymethyl cellulose, methyl cellulose, hydroxyethyl cellulose or the like, 
and further, include an alkalisoluble resin such as a copolymer of acrylic ester 
and/or methacrylic ester and acrylic acid and/or methacrylic acid, a slightly 
cross link ed copolymer of acrylic ester and/or methacrylic ester and acrylic 
acid and/or methacrylic acid or " the like ~ Said " copolymer " and slightly 
cross-linked copolymer are commonly provided as emulsion. 
Said fire retardant capsules are commonly adhered to said porous sheet such 
as fiber sheet or expanded synthetic resin sheet or the like in an amount of 
between 5 and 80% by mass. 

Fiber sheet of the preset invention is molded into a flat panel or prescribed 
shape, and to mold said fiber sheet, a hot press is commonly applied for said 
molding, and in a ca6e where thermally expandable particles are mixed into 
said fiber sheet, said press molding is carried out, limiting the thickness of 
said fiber sheet, since said thermally expandable particles expand during 
said press molding. As mentioned above, when said thermally expandable 
particles contained in said fiber sheet are heated at a temperature higher 
than that at which they expand, limiting the thickness of said fiber sheet, 
said thermally expandable particles expand. In a case where of said fiber 
sheet, the fibers around said particle are compressed when said particle 
expands, increasing the density of said fibers, and improving the rigidity of 
said fiber sheet. Nevertheless, the porosity of whole fiber sheet does not 
change, and so the weight of said fiber sheet is unchanged. 

Said fiber sheet of the present invention may be molded into a flat panel, and 
then molded into a prescribed shape by the hot press, or in a case where said 
fiber sheet contains a fiber having a low melting point, or a thermoplastic 
resin binder, said fiber sheet may be molded by cold pressing after said low 
melting point fiber or thermoplastic resin binder is softened by heating. 
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A plural number of fiber sheets of the present invention may be laminated 
together. 

The fiber sheet of the present invention is useful as a fire resistant acoustic 
material for a car such as the head lining of a car, dash silencer, hood silencer, 
engine under cover silencer, cylinder head cover silencer, outer dash silencer, 
dash silencer, fender liner silencer, cowl side silencer, floor mat, dash board, 
door trim or the like, or as a base board thereof, or for a reinforcement or 
surface layer material to be laminated onto said base board, an acoustic 
materialT insulating material, building material or the like. 
The ventilation resistance of a molded article made from said fiber sheet of 
the present invention is preferably between 0.1 and 100kPas/m, wherein the 
criteria of said ventilation resistance is to express the degree of ventilation of 
said ventilated material. The measurement of said ventilation resistance is 
carried out by the stationary flow pressure difference measurement method. 
As shown in Fig.l, a test piece T is set in the cylindrical ventilation passage 
W, and the pressure difference is measured, said pressure difference being 
between the pressure Pi in said ventilation passage W at the start point side 
shown by the arrow in Figure 1 and pressure P2 in said ventilation passage 
W at the end point side as shown by the arrow in Figure 1, in the condition of 
a constant ventilation volume V (direction shown by arrow), the ventilation 
resistance being calculated using the following formula. 
R=AP/V 

Herein AP (=P1-P2) : Pressure difference (Pa), V : ventilation volume for 
unit area (m 3 /m 2 s) 

Herein the relationship between the ventilation resistance R (Pas/m) and 
ventilation degree C (m/Pas) is as follows. 
C=l/R 

The ventilation resistance can be measured by the ventilation tester (Product 
name : KES-F8AP1, KATO TECH CO., LTD. Stationary flow pressure 
difference measurement method). A molded article having a ventilation 
resistance between 0.1 and lOOkPa s/m has an excellent acoustic property. 
Further, other materials such as surface layer material, back layer material, 
core material or the like may be laminated onto said fiber sheet. Further. 
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fiber sheet may be laminated onto one or both sides of said porous sheet of the 
present invention through thermoplastic resin film. Said thermoplastic resin 
film is made of a thermoplastic resin such as polyolefine (including modified 
polyolefine) such as polyethylene, polypropylene, ethylenevinylacetate 
copolymer, ethylene -ethyl acrylate copolymer or the like, polyvinylchloride, 
polyurethane, polyester, polyester copolymer polyamide, polyamide 
copolymer or the like, or mixture of two or more kinds of said thermoplastic 
resin. Said laminated sheet may be manufactured by molding said 
thermoplastic resin film by extruding it through a T-die and then laminating 
said thermoplastic resin film onto said fire resistant fiber sheet, then further 
molding said laminated sheet by hot pressing. 

Said thermoplastic resin film may be a porous film in which a lot of holes are 
preformed, or may be formed in said thermoplastic resin film by needling 
after said film is laminated onto said fire resistant fiber sheet, or for example, 
heated and alternately softened thermoplastic resin film, having been 
extruded through a Tdie, is laminated onto said fiber sheet, and then said 
laminated fiber sheet is press-molded, to form a lot of fine holes in said film 
by fluffs of the surface on said fiber sheet. In this method, a process of 
forming a lot of holes in said film is not necessary, and the large number of 
fine holes provide a good acoustic property effect. 

lb form a large number of fine holes in said thermoplastic resin film, the 
thickness of said film is preferably set to be below 200um. Nevertheless, in 
the case of said film having a thickness below 10um, the interlaminar 
bonding strength of said laminated sheet may be little. 

Further, to secure the ventilation of said laminated sheet, said fiber sheet 
may be bonded to another porous sheet with a hot melt adhesive powder such 
as polyethylene powder, polyamide powder, ethylene-vinylacetate copolymer 
powder, phenol group resin powder or the like. In this case, said hot melt 
adhesive powders are scattered on one porous sheet, while the other sheet is 
laminated by pressing it onto said porous sheet after said hot melt adhesive 
powder is softened by heating, and to secure its ventilation, the amount of 
said hot melt adhesive powder to be scattered is set to be below 100g/m 2 . 
Nevertheless, in a case where the amount of said hot 
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melt adhesive powder to be scattered is below lg/m 2 , the interlaminar 
bonding strength of said laminated porous sheet may be little. A molded 
article of said laminated porous sheet preferably has a ventilation resistance 
between 0.1 and lOOkPa s/m. Said molded article whose ventilation 
resistance is between 0.1 and lOOkPa s/m has an excellent acoustic property. 
EXAMPLES of the present invention are described below but the scope of the 
present invention should not be limited by only said EXAMPLES. 
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EXAMPLE 1 

Seventy parts by mass of sulfomethylated phenol alkyl 
resorcin-formaldehyde precondensation polymer (solid content 50% by mass) 
and 30parts by mass of fire retardant capsule water dispersion (50% by mass, 
particle size 15 to 20|xm) were mixed together to prepare a treatment solution 
wherein said fire retardant capsules were made by covering a p oly ammonium 
phosphate with melamine resin. Said treatment solution was then 
impregnated into a polyester fiber spun bonded nonwoven fabric having a 
unit weight of 40g/m 2 so that the amount of said treatment solution to be 
coated was set to be 50% by mass per unit weight, after which said nonwoven 
fabric was then dried at 130 to 140°C for 5 minutes to precure said 
sulfomethylated phenol- alkyl resorcin-formaldehyde precondensation 
polymer in said nonwoven fabric and to bind said fire retardant capsules to 
said nonwoven fabric to obtain a non flammable nonwoven fabric sheet. The 
resulting nonflammable nonwoven fabric sheet was used as a surface 
material, and said nonwoven fabric sheet was put on a base material of glass 
wool web, having a unit weight of 500g/m 2 , onto which a phenol group resin 
was coated in an amount of 15% by mass per unit weight through 
polyethylene film. The thicknesses of said polyethylene film used in this 
EXAMPLE were 10, 50, 100 and 200um respectively. 
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Each laminated sheet obtained was molded by hot pressing at 200°C for 45 
seconds, to obtain a molded sheet having a thickness of lOjim. 

COMPARISON 1 

Molded sheets, each having a thickness of 10mm, were obtained using the 
same procedure as in EXAMPLE 1, with the exception that phenol-alkyi 
resorcin-formaldehyde precondensation polymer was used instead of 
sulfomethylated phenol-alkyl resorcin-formaldehyde precondensation 
polymer. 

COMPARISON 2 

Molded sheets, each with a thickness of 10mm, were obtained using the same 
procedure as in EXAMPLE 1, with the exception that polyethylene film 
having thickness of 5,220nm was used in each molded sheet. The fire resistant 
property, acoustic absorptivity ventilation resistance, and inter laminar 
bonding strength of each molded sheet was determined through EXAMPLE 1 
and COMPARISON 1 and 2, and the results are shown in Table 1. 



Table 1 





Thickness 
of film 
(/dm) 


Fire resistant 
property 
UL94 


Acoustic absorptivity (96) 
(frequency Hz) 


Ventilation 
resistance 
(kPa-s/m) 


Bonding 
strength 
(N ■ cm/25mm) 


500 


1000 


6000 


EXAMPLE 1 


io 


V— O 


30 


70 


40 


0. 23 


O. 12 


50 


V— O 


40 


97 


60 


7. 3 


O. 18 


100 


V— o 


40 


95 


65 


20. 9 


O. 20 


200 


V— o 


35 


75 


45 


95. 3 


O. 30 


COMPARISON 1 


10 


V- 1 


32 


70 


40 


0. 21 


O. 12 


60 


V-1 


40 


95 


60 


O. 75 


O. 19 


1 OO 


V— 1 


45 


90 


65 


21. 0 


O. 21 


200 


V— 1 


35 


78 


45 


95. 1 


0. 32 


COMPARISON 2 


5 


V— o 


15 


60 


30 


0. 008 


O. 08 


220 


v-o 


10 


60 


20 


127. O 


O. 30 



Referring to Table 1, in a case where the thickness of film is below 10|j.in, the 
inter laminar bonding strength and acoustic absorptivity both diminish, and in a 
case where the thickness of film is beyond 200jjjn, it has diffi culty becoming 
finely porous, increasing its ventilation resistance, and diminishing its 
absorptivity. Further, each molded sheet using sulfomethylated or 
sulfimethylated phenol group resin for a synthetic resin binder has a greater fire 
resistant property than each of the molded sheets in COMPARISON 1 using non 
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sulfomethylated or nonsuffimethylated phenol group resin for synthetic resin 
binder. 

EXAMPLE 2 

A fiber web containing 60% by mass of polyester fiber (fineness: 6dtex, fiber 
length: 25mm), 15% by mass of low melting point polyester fiber (fineness: 
12dtex, fiber length: 35mm) and 25% by mass of kenaf fiber (fiber diameter 
0.1 to 0.3mm, fiber length: 35mm) was prepared, and said fiber web was 
needle punched to obtain a fiber sheet having a unit weight of 600g/m 2 and a 
thickness of 10mm. 

A treatment solution was prepared by mixing SOparts by mass of 
sulfimethylated phenolresorcin-formaldehyde precondensation polymer 
(solid contant 50% by mass), and 20part by mass of fire retardant capsules, 
wherein each capsule was made by covering poly ammonium phosphate with 
a melamine resin, the particle size of said capsules being 10 to 15um. 
Said treatment solution was impregnated in said fiber sheet in an amount of 
50% by mass per unit weight as a solid, after which said fiber sheet was dried 
at 100 to 130°C for 5 minutes to precure said fiber sheet, and obtain a 
nonflammable fiber sheet. After precuring, said fiber sheet was molded by hot 
pressing at 210°C for 45 seconds, to obtain a molded sheet having thickness of 
8mm. 

COMPARISON 3 

A molded sheet having a thickness of 8mm was obtained using the same 
process as in EXAMPLE 2, with the exception that phenol-alkyl 
resorcinformaldehyde precondensation polymer was used instead of 
sulfimethylated phenol-alkyl resorcin-form aldehyde precondensation 
polymer. 

COMPARISON 4 

A molded sheet, having a thickness of 8mm was obtained using the same 
procedure as in EXAMPLE 2, with the exception that polyammonium 
phosphate was used instead of said fire retardant capsules. 
The fire resistant property, the fire resistant property after water-heat cycle, 
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acoustic absorptivity and ventilation resistance of each molded sheet 
obtained in EXAMPLE 2, COMPARISONS 3 and 4 were determined and the 
results are shown in Table 2. 



Table 2 





Fire resistant 
property 
UL94 


Fire resistant property 
after water-heat cycle 
UL94- 


Acoustic absorptivity (%) 
(frequency Hz) 


Ventilation 
resistance 
(kPa • s/m) 


500 


1000 


6000 


EXAMPLE 2 


V— O 


V-O 


20 


64 


95 


3. 9 


COMPARISON 3 


V-1 


V-1 


26 


65 


95 


3. a 


COMPARISON 4 


v-o 


Combustion 


20 


60 


ap 


3. 0 



Referring to Table 2, the molded sheet of COMPARISON 4, in which 
noncapsulated fire retardant was used, has a far weaker fire resisting 
property after the water- heat cycle as compared to the molded sheets of 
EXAMPLE 2 and COMPARISON 3, in which capsulated fire retardant was 
used. 

The test methods for the molded sheets obtained in the above and below 
described EXAMPLES and COMPARISONS are as follows. 

1) Fire resistant property UL94* According to UL94 standard. 

2) Appearance : Optical observation of the appearance of the molded sheet. 

3) Fire resistant property after the water-heat cycle* the molded sheet was 
dipped into water at 40±2°C for one hour and, then dried at 100±2°C for 
3hours. Said procedure was repeated 10 times (10 cycles), and after which 
the molded sheet was left standing for 8 hours before testing according to 
UL94 standard. 

4) Acoustic absorptivity: According to JIS A 1405 (the perpendicular 
incidence acoustic absorptivity detection method by the pipe method for 
building materials according to JIS A 1405. 

5) Ventilation resistance"- detected by the breathability tester (Tester Name: 
KE3-F8-API KATOTEC CO., LTD. Stationary flow pressure difference 
measurement method). 

6) Bonding strength- Interlaminar bonding strength between the surface 
material and the base material was determined according to JIS K 6854-2, 
Stretching speed: 100mm/min.,the width of the sample 25mm, 180°C peel 
test. 
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EXAMPLE 3 

A treatment solution containing 40parts by mass of sulfomethylated 
phenol-alkylresorcin-formaldehyde precondensation polymer solution (solid 
content 60% by mass), 3 parts by mass of a fluorine group water-oil repellent 
agent (solid content 40% by mass), 1 part by mass of a carbon black 
dispersion (solid content 30% by mass), 2parts by mass of fire retardant 
containing phosphorus and nitrogen (solid content 40% by mass) and 54parts 
by mass of water waa prepared. 

Said treatment solution was impregnated into a polyester spunbonded 
nonwoven fabric, having a unit weight of 40g/m 2 , the amount of said 
treatment solution to be coated being set to be 50% by mass per unit weight, 
following which a dispersion in which 20parts by mass of fire retardant 
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capsules "EXOLIT AP 462" (trade name, Clariant (Japan) K. K.) were 
dispersed in 80parts by mass of water was sprayed on one side of the 
resulting nonwoven fabric in an amount 30% of by mass as a solid after which 
said nonwoven fabric was dried and precured at 120 to 140°C for 3 minutes to 
obtain a nonflammable nonwoven fabric sheet. Said nonwoven fabric sheet 
was then used as a surface material, with a glass wool web having a unit 
weight of 600g/m 2 , on which a phenol resin was coated in an amount of 15% 
mass per unit weight being used as a base material. 

Said nonwoven fabric sheet was put onto said base material so as to cause 
said fixe retardant capsules on said nonwoven fabric sheet to contact said 
base material and the resulting laminated material was then molded by hot 
pressing into a prescribed shape at 210°C for 50 seconds. The fire resistant 
property of the resulting molded laminated material was 5 VA in UL 94 
standard, with a ventilation resistance of 7.9kPa s/m, said molded laminated 
material having an excellent acoustic absorptivity, water proof property, and 
weatherability, and also being useful as a hood silencer, outer dash silencer, 
engine undercover silencer and cylinder headcover silencer for a car. 
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EXAMPLE 4 

A fiber web consisting of 60% by mass of polyester fiber (fineness: 0.5dtex, 
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fiber length- 65mm), 25% by mass of low melting point polyester fiber 
(fineness* 16dtex, fiber length: 40mm), 10% by mass of hemp fiber (fiber 
diameter' 0.02 to 0.2mm, fiber length: 40mm), and 5% by mass of bamboo 
fiber (fiber diameter: o.l to 0.2mm, fiber length: 10 to 30mm), was prepared. 
Said fiber web was heated to soften said low melting point polyester fiber to 
bind said fibers in said fiber web, and manufacture a fiber sheet having a unit 
weight of 500g/m 2 , and a thickness of 20mm. 

A treatment solution was prepared by mixing 65parts by mass of 
sulfimethylated phenol- 5 methyl resorcinformaldehyde precondensation 
polymer (solid content 45% by mass), 30parts by mass of "TERRAJU C-70" 
(trade name: BUDENHEIM IBERICA COMMERCIAL S. A.) as fire 
retardant capsules, and Sparts by mass of a paraffin wax emulsion (solid 
content 50% by mass). 

Said treatment solution was then impregnated into said fiber sheet in an 
amount of 50% by mass per unit weight as a solid, after which said fiber sheet 
was then heated and precured at 100 to 120°C for 7 minutes to obtain a 
nonflammable fiber sheet. Said fiber sheet was then molded into a prescribed 
shape by hot pressing at 200°C for 40 seconds. 

The fire resistant property of said molded fiber sheet was V 0 in UL94 
standard, with a ventilation resistance of 4.8kPa*s/m, said molded fiber sheet 
having an excellent acoustic absorptivity, weatherability and high rigidity, 
being useful as a nonflammable sound absorber for domestic electrical 
appliances. 
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EXAMPLE 5 

A web consisting of 50% by mass of polyester fiber (fineness- 12dtex, fiber 
length: 35mm), 15% by mass of low melting point polyester fiber (softening 
point: 110°C, fineness: 18dtex, fiber length: 30mm), and 35% by mass of 
polylactic acid fiber (fineness: lSdtex, fiber length: 40mm) was needle 
punched to prepare a fiber sheet having a unit weight of 60g/m 2 . A 
polyethylene film having a thickness of 25^m was laminated onto one side of 
said fiber sheet. 

A treatment solution was prepared by mixing 78parts by mass of 
sulfomethylated phenol-alkylrfisorcin-formaldehyde precondensation polymer, 
20parts by mass of polyammonium phosphate (particle size: 15~20mn) 
covered with a melamine resin and treated with triazine as a fire retardant, 
and 2parts by mass of a carbon black dispersion (solid content 30% by mass). 
Said treatment solution was then impregnated into said fiber sheet in an 
amount, of 40% by mass per unit weight, and the resulting fiber sheet was 
then dried and precured at 140 to 150°C, to obtain a nonflammable fiber 
sheet. The resulting nonflammable fiber sheet was then used as a surface 
material and said fiber sheet was put onto a base material which was 
precured nonflammable fiber sheet obtained in EXAMPLE 4, so as to cause 
the polyethylene film on said surface material to contact the surface of said 
base material, and the resulting laminated fiber sheet was then molded into a 
prescribed shape by hot pressing at 200°C for 50 seconds. The fire resistant 
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property of the resulting molded laminated fiber sheet was V-0 in UL94 
standard, with a ventilation resistance of 60kPa-s/m, 9aid molded laminated 
fiber sheet being useful as a dash silencer and floor mat for a car. 

EXAMPLE 6 

A web consisting of 50% by mass of polyester fiber (fineness- 12dtcx, fiber 
length: 60mm), 30% by mass of aramid fiber (fineness: 8dtex, fiber length: 
50mm), 10% by mass of low melting point polyamide fiber (softening point: 
120°C, fineness: lOdtex, fiber length: 45mm) and 10% by mass of kenaf fiber 
(fiber diameter 0.1 to 0.3mm, fiber length: 50mm) was prepared, and said 
web was then heated at a temperature higher than that of the melting point 
of said low melting point polyamide fiber to manufacture a fiber sheet having 
a thickness of 30mm, and a unit weight of 600g/m 2 , using said melted low 
melting point polyamide fiber as a binder. 

A treatment solution was prepared by mixing 70parts by mass of 
sulfomethylated phenol alkylresorcin-formaldehyde precondensation polymer 
(solid content: 40% by mass), 5parts by mass of "MATSUMOTO 
MICROSPHERE F100" (trade name: Matsumoto Yushi Seiyaku Co., Ltd.) as 
thermoexpandable particles, 20parts by mass of "TERRAJU 0-70" (trade 
name: BUDENHEIM IBERICA COMMERCIAL S. A.) as fire retardant 
capsules, and Sparts by mass of expandable graphite (temperature to start 
expansion: 300°C, expansion rate: 150 times, particle size: 45|.im). 
The resulting treatment solution was then impregnated into said fiber sheet 
in an amount of 40% by mass per unit weight as a solid and then heated and 
dried at 120 to 130°C for 5 minutes to precure said fiber sheet and put said 
precondensation polymer at its B -stage, obtaining a nonflammable fiber 
sheet. 

The resulting fiber sheet was then left standing at room temperature for 10 
days, 30 days, 60 days, and 180 days respectively, after that said fiber sheet 
was molded into a prescribed shape by hot pressing at 200°C for 60 seconds. 
In said fiber sheet, no defect regarding moldability was identified and said 
fiber sheet could easily be molded into a prescribed shape. 

The fire resistant property of said molded fiber sheet was V-0 in UL94 
standard, with a ventilation resistance of 10.3kPas/m, said molded sheet 
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having excellent acoustic absorptivity, weatherability and high rigidity, said 
molded sheet being useful as a nonflammable sound absorber for cars, 
building materials, and domestic electrical appliances. 

EXAMPLE 7 

A treatment solution was prepared by mixing 86parts by weight of 
sulfomethylated phenol-alkylresorcin- formaldehyde precondensation 
polymer (solid content 50% by mass), 3parts by mass of a fluorine group 
water-oil repellant agent" (solid - content 40% by mass), - 3p arts by mass of a 
carbon black dispersion (solid content 30% by mass), 2parts by mass of a wax 
group internal release agent, and Gparts by mass of a cyclic phosphoric ester 
as a fire retardant agent. 

Said treatment solution was then impregnated into a spunbonded polyester 
fiber nonwoven fabric having a unit weight of 40g/m 2 , onto which a 
polyethylene fiber having a thickness of 20|am was laminated in an amount of 
30% by mass per unit weight. 

A water solution containing 1 Op arts by mass of a novorac i type phenol resin 
powder (particle size: 50^m, softening point: 115-120°C) into which a 
hexamethylenetetramiiie was added as a hot met adhesive, 20parts by mass 
of "NONNEN R 948-5" (trade name, MARUBISHI OIL CHEMICAL CO., 
LTD.) as fire retardant capsules, 3parts by mass of cyclie phosphoric ester, as 
the other fire retardant, 3parts by mass of a carbon black dispersion (solid 
content 30% by mass) and S4parts by mass of water was prepared, said water 
solution being coated onto said polyethylene film on said nonwoven fabric by 
spraying in an amount of 100g/m 2 , the resulting nonwoven fabric then being 
dried and precured at 130 to 140°C for 4 minutes, to put said sulfomethylated 
phenolalkylresorcin-formaldehyde precondensation polymer at its B-stage, to 
obtain a nonflammable nonwoven fabric sheet. 

The resulting nonwoven fabric sheet was then used as a surface material, and 
said nonwoven fabric sheet was put onto a base material being a web of glass 
wool, having a unit weight of 600g/m 2 onto which a phenol resin was coated in 
an amount of 20% by mass per unit weight, so as to cause said polyethylene 
•film on said nonwoven fabric sheet to contact said base material, and the 
resulting laminated material then being molded into a prescribed shape by 
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hot pressing at 200 Q C for 60 seconds. 

The resulting molded laminated material had a good interlaminar bonding 
strength between said surface material and said base material because said 
thermosetting-type hot melt adhesive was cured during said press molding, 
and even in a case where said laminated material was molded into a complex 
shape, the resulting molded laminated material could he easily released from 
its mold after hot pressing. Further, as a surface material said nonwoven 
fabric sheet was stable when left standing, and fire resistant property of said 

molded laminated material was V-0 in UL94 standard, with a ventilation 

resistance of 30.5kPas/m, said molded laminated material having an 
excellent acoustic absorptivity, and being useful as a hood silencer, dash outer 
silencer, dash silencer, cylinder head cover silencer, engine under cover 
silencer for a car. 

EXAMPLE 8 

Using a nonflammable nonwoven sheet from EXAMPLE 7 as a surface 
material, and using a fire resistant fiber sheet from EXAMPLE 6 as a base 
material, the resulting laminated sheet was hot pressed into a prescribed 
shape at 200°C for 60seconds. The resulting molded laminated sheet could be 
easily released from its mold after hot pressing the same as in EXAMPLE 7, 
and its fire resistant property was V0 in UL94 standard, with a ventilation 
resistance 40.6 kPa s/m and said laminated sheet had good moldability after 
8 months of being left standing at room temperature, said molded laminated 
sheet having good acoustic absorptivity, aiid being useful as a nonflammable 
sound absorber for cars, buildings, domestic electrical appliances, or the like. 

EXAMPLE 9 

A web consisting of 70% by mass of polyester fiber (fineness: lldetex, fiber 
length". 50mm) and 30% by mass of low melting point polyester fiber 
(fineness: I5detex, fiber length-* 45mm) was used and said web was needle 
punched to manufacture a fiber sheet having a unit weight of 100g/m 2 . A 
treatment solution was prepared by mixing 4 Op arts by mass of 
sulfomethylated . phenol alkyl resorcinformaldehyde precondensation 
polymer (solid content 50% by mass), 3 parts by mass of a fluorine group 
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water-oil repellant agent (solid content 40% by mass), 2parts by mass of a 
carbonblack dispersion (solid content 50% by mass), lOparts by mass of cyclic 
phosphorie ester as a fire retardant, 3 parts by mass of wax emulsion (solid 
content 50% by mass) as a release agent and 42parts by mass of water. 
The resulting treatment solution (primary solution) was impregnated into 
said fiber sheet in an amount of 20% by mass per unit weight as a solid. 
A treatment solution was prepared by mixing 2 Op arte by mass of "TERRAJU 
O70" (trade name: BUDENHEIM IBERICA COMMERCIAL S. A.) as fire 
-retardant capsules, 10 parts by-mass of a polyamide powder (melting point* 
130°C, particle size 10 to 30jim) as a hot melt adhesive, 2parts by mass of a 
carbon black dispersion (solid content 50% by mass) and 68parts by mass of 
water. 

Said treatment solution (secondary solution) was spray coated onto one side 
of said fiber sheet into which said primary solution was impregnated, in an 
amount of 30% by mass per unit weight as a solid, after which said fiber sheet 
was then heated and precured at 130 to 140°C for 5 minutes, to put said 
precondensation polymer in said fiber sheet at its B-stage. 
Using the resulting fiber sheet as a surface material, and using a glass wool 
web having a unit weight of 60g onto which a phenol resin was coated in an 
amount of 15% by mass per unit weight as a base material, and said fiber 
sheet was put onto said base material so as to cause the surface of said fiber 
sheet onto which said secondary solution was spray coated to contact the 
surface of said base material, after which the resulting laminated material 
was molded by hot pressing into a prescribed shape at 200°C for 50 seconds. 
The fire resistant property of said molded laminated material was 5VA in 
UL94 standard, with a ventilation resistance of 9.6 kPas/m, said molded 
laminated material having an excellent acoustic abosorptivity, water proof 
property, weatherability and said molded laminated material being useful as 
a hood silencer, outer dash silencer, dash silencer and cowl side silencer for a 
car. 

EXAMPLE 10 

Said surface material of EXAMPLE 9 was put on the nonflammable fiber 
sheet from EXAMPLE 6 as a base sheet, and the resulting laminated sheet 
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was then molded by hot pressing into a prescribed shape at 200°C for 50 
seconds. 

The fire resistant property of the resulting molded laminated sheet was 5VB 
in UL 94 standard, with a ventilation resistance of 10.3kPas/m, said molded 
laminated sheet having excellent acoustic absorptivity, water proof property, 
weathcrability, and being useful as a hood silencer, outer dash silencer, dash 
silencer and cowl side silencer for a car. 

EXAMPLE 11 

A treatment solution was prepared by mixing SOparts by mass of 
sulfomethylated phenol-alkylresorcin-formaldehyde precondensation 
polymer (solid content 45% by mass), 3parts by mass of a fluorine group 
water-oil repellant agent (solid content 40% by mass), 2parts by mass of a 
carbon black dispersion (solid content 30% by mass), 20parts by mass of fire 
retardant capsules (trade name: TERRAJU O70, BUNDENHEIM IBERICA 
COMMERCIAL S. A.), Sparta by mass of cyclic phosphoric ester as the other 
fire retardant and 20parts by mass of water. 

Said treatment solution was then impregnated into a polyurethane foam, 
having a thickness of 20mm, and a unit weight of 300g/m 2 in an amount so as 
to be 30% by mass for the total weight of said polyurethane foam as a solid, the 
resulting polyurethane foam into which said treatment solution was then 
impregnated was heated and procured at 130 to 145°C for 5 minutes to put said 
precondensation polymer in said polyurethane foam at its B-stage, to obtain a 
nonflammable expanded synthetic resin sheet sheet. The resulting expanded 
synthetic resin sheet sheet was then molded by hot pressing at 210°C for 60 
seconds, to obtain a molded porous sheet having a thickness of 8mm. 

COMPARISON 5 

A molded porous sheet having a thickness of 8mm was prepared using the 
same procedure as in EXAMPLE 11 with the exception that polyammonium 
phosphate was used instead of said fire retardant capsules. 
The molded porous material samples from EXAMPLE 11 and COMPARISON 
5 were tested for their fire resistant property, the fire resistant property of 
the water-heat cycle, acoustic absorptivity, and ventilation property. The 
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results were shown in Table 3. 



Table 3 





Fir© resistant 
property 
UL94 


Fire resistant property 
after water-heat cycle 
UL94 


Acoustic absorptivity (%) 
(frequency Hz) 


Ventilation 
resistance 
(kPa-s/m) 


500 


1000 


6000 


EXAMPLE 1 1 


v-o 


V — O 


25 


75 


98 


2. 8 


COMPARISON 5 


V-O 


Combustion 


28 


75 


98 


2. 9 



Referring to Table 3, it was recognized that the sample from COMPARISON 5, 
in which said fire rotardant used was not capsulated, had a much lower fire 
resistant property after water-heat cycle as compared to the sample from 
EXAMPLE 10 in which fire retardant capsules covered by resin of good water 
repellency, were used. 

EXAMPLE 12 

Using said nonflammable fiber sheet of EXAMPLE 11 as a base material, and 
using said nonflammable non-woven sheet from EXAMPLE 3 as a surface 
material, said surface material was put on said base material and the 
resulting laminated material was then molded by hot pressing into a 
prescribed shape at 200°C for 60 seconds. 

The fire resistant property of the resulting molded laminated material was 
V-0 in UL 94 standard, with a ventilation resistance of 2.3kPa-s/m. 
Said molded laminated material had excellent acoustic absorptivity and 
water proof property, and was useful as a hood silencer, dash silencer, and 
head lining for a car. 

EXAMPLE 13 

A treatment solution (primary solution) was prepared by mixing 45parts by 
mass of sulfomethylated phenol* alkylresorcin-formaldehyde precondensation 
polymer (solid content 50% by mass), lpart by mass of a carbon black 
dispersion (solid content 30% by mass), 3parts by mass of a fluorine group 
water-oil repellant agent (solid content 40% by mass) and 51 parts by mass of 
water. 

Said treatment solution was then impregnated into spunbunded nonwoven 
polyester fiber fabric having a unit weight of 40g/m 2 in an amount of 15% by 
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mass per unit weight as a solid. 

A treatment water solution (secondary solution) containing 70parts by mass 
of a polyvinylalchol water solution (solid content 5% by mass, saponification 
value: 99mol%, Sparts by mass of polyamide (particle size: 20pm, melting 
point: 150°C) as a hot melt adhesive powder, and 25parts by mass of fire 
retardant capsules (trade name*. TERRAJU O70, BUDENHEIM IBERICA 
COMMERCIAL S. A.) was prepared. 

Said secondary solution was then coated onto one side of said nonwoven 
fabric^ so that the amount" to be spray coated accounts for~20% by mass per 
unit weight of said nonwoven fabric, after which the resulting nonwoven 
fabric was then heated at 150°C for 5 minutes to dry, obtaining a 
nonflammable fiber sheet. A polyurethane foam having a thickness of 15mm, 
unit weight 200g/m 2 ) was used as a base material. 

A treatment solution (primary solution) was prepared by mixing 45parts by 
mass of sulfomethylated phenol-alkylresorcin -formaldehyde precondensation 
polymer (solid content 50% by mass), lpart by mass of a carbon black 
dispersion (solid content 30% by mass), 3parts by mass of a fluorine group 
water-oil repellant agent (solid content 40% by mass) and Slparts by mass of 
water. 

Said primary solution was then impregnated into said polyurethane foam, so 
that the amount to be coated accounts for 10% by mass for the total weight of 
said polyurethane foam as a solid. 

A treatment water solution (secondary solution) containing 5 Op arts by mass 
of a polyvinylalcohol water solution (5% by mass, saponificaction value" 
99mol%), 20parts by mass of acrylic resin emulsion (solid content 50% by 
mass), 5parts by mass of polyamide (particle size- 20 jam, melting point- 
150°C) as a hot melt adhesive powder, 5 parts by mass of expandable graphite 
(temperature starting expansion: 300°C, expansion rate- 150 times, particle 
size : 40nm) and 20parts by mass of fire retardant capsules (trade name: 
TERRAJU C-70, BUDENHEIM IBERICA COMMERCIAL S.A.) was 
prepared. 

Said secondary solution was impregnated into both sides of said polyurethane 
foam so that the amount to be spray coated accounts for 30% by mass (one 
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side: 15% by mass) for the total weight of said polyurethane foam, and the 
resulting polyurethane foam was then heated at 150°C for 8 minutes to dry, to 
obtain a nonflammable polyurethane foam (nonflammable synthetic resin 
foam sheet) as a base material. 

Said nonflammable fiber sheets were put on both sides of said base material, 
so as to contact each of the backsides of said nonflammable fiber sheets, the 
resulting laminated material then being molded by hot pressing into a 
prescribed shape at 200°C for 60 seconds, to obtain a molded laminated 
material. 

The fire resistant property of the resulting molded laminated material was 
V-0 in UL 94 standard, with a ventilation resistance of 4.1kPa s/m. 
Said molded laminated material had excellent acoustic absorptivity and 
water proof property, and useful as hood silencer, dash silencer, engine 
undercover silencer, and head lining. 

POSSIBILITY OF INDUSTRIAL USE 

Said fiber sheet in the present invention have a high fire resistant property 
and a good acoustic absorptivity, so that said porous material is useful for a 
nonflammable sound absorber for a car, building or the like. 
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CLAIMS 



I. (Amended) A fire resistant fiber sheet characterized by fire retardant 
capsules covered with a synthetic resin film, to adhere said capsules to 
said fiber sheet, wherein a sulfomethylated and/or sulfimethylated 
phenolic resin is added to said fiber sheet in an amount of between 5 and 
200% by mass. 

2. (Amended) A fire resistant fiber sheet in accordance with Claim 1, 

wherein said fire retardant capsules are added to said fiber sheet in an 
amount of between 5% and 80% by mass.. 

3. (Amended) A fire resistant fiber sheet in accordance with Claim 1, 
wherein said flame retardant is water soluble and said synthetic resin 
film is water insoluble. 

4. (Deleted) 

5. (Amended) A fire resistant fiber sheet in accordance with any of Claims 1 
to 3, wherein said fibers are all hollowed, or a mixture of solid and 
hollowed fibers. 

6. (Amended) A fire resistant fiber shoot in accordance with any of Claims 1 
to 5, wherein an additional fiber having a low melting point of below 
180°C is mixed in with said fiber. 

7. (Deleted) 

8. (Deleted) 

9. (Deleted) 

10. (Deleted) 

II. (Deleted) 

12. (Deleted) 

13. (Deleted) 

14. (Deleted) 

15. (Deleted) 

16. (Amended) A molded article wherein said fire resistant fiber sheet in 
accordance with any of Claims 1 to 6, is molded into a prescribed shape. 

17. A molded article in accordance with Claim 16, wherein a ventilation 
resistance of said molded article is in the range of between 0.1 and lOOkPa 
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•a/m. 

18. (Amended) A laminated material wherein other porous sheet(s) is (are) 
laminated onto one side or both sides of said fire resistant fiber sheet in 
accordance with any of Claims 1 to 5- 

19. (Amended) A laminated material in accordance with Claim 18, wherein 
other porous sheet(s) is (are) laminated onto one or both sides of said fire 
resistant fiber sheet through thermoplastic resin film(s) having a 
thickness of between 10 and 200^im. 

207 (Amended)~A laminated material in accordance with Claiml9r wherein a 
hot melt adhesive powder is scattered onto one or both sides of said fire 
resistant fiber sheet in an amount of between 1 and 100g/m 2 and said 
other porous material sheet(s) is (are) laminated onto said fiber sheet 
through said scattered layer of hot melt adhesive powder. 

21. (Amended) A molded article wherein a laminated material in accordance 
with Claims 18, 19 is molded into a prescribed shape. 

22. A molded article in accordance with Claim 21, wherein a ventilation 
resistance of said molded article is in the range of between 0.1 and 100 
kPas/m. 

23. (Amended) A fire resistant acoustic material for cars made of a molded 
article in accordance with any of Claims 16, 17, 21 and 22. 
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ABSTRACT 



The object of the present invention is to provide a fiber sheet having good fire 
resistant property, an expanded synthetic resin sheet having good fire 
resistant property and a molded article thereof, and a fire resistant acoustic 
material for cars, which uses the molded article. 

Tb attain the object, in the present invention, fire retardant capsules are 
adhered to the fiber sheet or the expanded synthetic resin sheet to provide a 
porous fire resistant sheet. When the fire retardant capsules are exposed to a 
high temperature, the synthetic film covering the fire retardant may break, 
exposing fire retardant, and giving fiber sheet or expanded synthetic resin 
sheet self extinguishing property. A molded article of the porous fire resistant 
sheet also has a good fire resistant property, and does not inhibit the 
ventilation property of the fiber sheet and the synthetic resin sheet, making 
said molded article useful as a fire resistant acoustic material for cars or 
buildings. 
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